Develop an understanding of the degradation processes • in advanced electrochemical energy conversion systems. Advance fuel cell-based power generation systems -architecture, including renewable hybridized energy conversion and storage. 
Fiscal Year (FY) 2012 Objectives
Develop an understanding of the degradation processes • in advanced electrochemical energy conversion systems. Advance fuel cell-based power generation systems -architecture, including renewable hybridized energy conversion and storage. Develop novel cell and stack structural and -functional materials and validate their performance under the nominal and transient operational conditions for the evaluation of long-term bulk, interfacial and surface stability. Gain fundamental understanding of chemical, -mechanical, electrochemical and electrical processes related to: Utilization of fuels ranging from bio-derived -fuels to liquid petroleum to hydrogen. The role of fuel impurities on degradation and -processes for removal from feedstock. Surface and interface phenomena related to -surface adsorption, interfacial compound formation, and electron/ion generation and transport. Electrodics and electrochemistry. -Novel membranes, heterogeneous catalyst -materials and structures will be developed and subsequently validated.
Develop collaborative research projects with industry • to improve the performance stability and long-term reliability of advanced fuel cells and other power generations systems. 
Technical Barriers

V.K.4 Improving Reliability and Durability of Efficient and Clean Energy Systems*
Introduction
The scope of this energy systems and technology research and development initiative will focus on the development and validation of the mechanistic understanding and subsequent creation of novel cost-effective materials to mitigate degradation processes. Through a unique collaborative project with industry we will solve technology gaps through joint industry/university projects. These relationships will accelerate the development and deployment of clean and efficient multi-fuel power generation systems.
The scope of the research projects will include identification and prioritization of the technology gaps and research needs along with the development of enabling technologies that meet the overall stack and balance-ofplant improvements from a durability, cost and performance perspective. Specifically the performance stability and reliability of the power generation systems will be improved through the implementation of advanced materials and fabrication processes. Technical areas of interest, to be addressed by the industry/university collaborations will include: a) performance stability and reliability of fuel cell systems, b) fuels, fuel processing and catalysis, c) advanced functional and structural materials, processes and systems, d) hydrogen storage and power management and e) renewable energy and resources.
Approach
The approach used for this project was to develop collaborative industry/university research projects aimed specifically at accelerating the development and deployment of clean and efficient multi-fuel power generation systems. Through a competitive process faculty developed relationships with industry that provided additional amounts of cash and in-kind support thus leveraging funding available through this project. By requiring a financial commitment from industry this methodology ensured that technology problems of commercialization relevance would be addressed. Industry collaborative projects have been developed with UTC Power, FuelCell Energy, UTC Research Center, nzymSys, NanoCell Systems, APSI, Oasys Water, Nissan, Corning, Proton OnSite, BC Hydro, Sci-Tech and WR Grace & Company. The project topics have addressed issues ranging from performance stability and reliability of fuel cell systems to fuels, fuel processing and catalysis and finally including advanced functional and structural materials, processes and systems.
Results
Role of Multi-Scale Water Transport in Dynamic
Performance of Polymer Electrolyte Fuel Cells (Project PI: Prof. Ugur Pasaogullari, industry partner -Nissan):
The collaboration between Nissan and UConn focuses on understanding the transport phenomena at very high current density operation of PEM fuel cells (PEMFCs). Our work in the last year resulted in detailed understanding of the micro-structure of the gas diffusion layers (GDL) in PEMFCs. GDLs are responsible from ~50% of the oxygen transport losses in PEMFCs, and high current density operation requires very effective oxygen transport to active reaction sites. We have also developed numerical models that describe the multiphase transport phenomena at very high current density conditions, and the results are being compared with neutron radiography results obtained at the National for Energy Generation (Project PI: Prof. Steven Suib, industry partner -FuelCell Energy): The hypothesis of this project is that development of novel adsorbents, catalysts, and mixed adsorbents will lead to more efficient cleanup of anaerobic digester gas (ADG). Mixed adsorbents are likely to be needed to efficiently getter all sulfur species in ADG. This project has focused on the optimization of adsorbents that can getter sulfurcontaining species. Our results show that some of the adsorbents are 40 times better in terms of breakthrough times and adsorbed amounts than commercial activated carbon adsorbents. We are studying the mechanism of adsorption over these materials. Characterization studies are being done in order to optimize the performance of these materials.
Fuel Reforming Catalysts for Efficient Energy Usage
(Project PI: Prof. Steven Suib, industry partner -APSI):
The hypothesis of this project is that the development of next generation high surface area fuel reforming catalysts and determination of mechanisms of reaction will lead to enhanced efficiency, activity, and stability of these materials. Over the past year the focus has been on 1) the preparation of thin film reforming catalysts made with a novel process, and 2) the study of the mechanism of the fuel reforming process with an emphasis on mass spectrometry detection. Tunnel diodes have successfully been nanofabricated and converged to nano-dimensions using our atomic layer deposition processes. Particulate contamination has been found to limit our progress due to the susceptibility of the devices to short circuiting via particulates landing on the devices. A new series of experiments is in the planning stages to overcome these difficulties.
Conclusions and Future Directions
Of the 15 projects listed above 11 of them will continue into FY 2013. At this time the list of projects is stable and we do not anticipate additional ones. We do,however continue to expect the following achievements to continue from the above list of activities:
1. Advanced functional and structural materials research and development will continue to address long-term surface, interface and bulk instabilities at engineered systems level. Research will continue in areas related to solid-liquid-gas interactions as they relate to surface corrosion, electrochemical poisoning, agglomeration and coarsening of porous aggregates, and catalytic degradation. 2. UConn and its partners will continue to develop advanced fuel cleanup and processing technologies to enable multi-fuel capabilities of advanced fuel cell systems. Cost-effective technologies for the removal of contaminants from gas phase will be developed and validated. 3. Developed technologies will be transferred to industries to accelerate the development and deployment of advanced fuel cell systems. 4. Research findings will be presented and published in technical meetings and peer reviewed journals. Intellectual property will be disclosed through invention disclosures and review by the university's center for science and technology commercialization.
